Abstract-The technology of design is considered on a basic resolving matrix for calculations of rod systems with an application of an algorithm of target change of matrix cells. This technology allows creating automated systems for solving a wide range of engineering tasks, including the tasks of building mechanics.
INTRODUCTION
Automation of calculations of building structures taking into account the use of modern information technologies is an urgent task.
Rapid dissemination of the latest software for system-wide and applied applications in the information services market and their numerous subsequent modifications in accordance with the requirements of the consumer, provide researchers with ample opportunities to use non-traditional approaches to solve it. Existing automated calculation systems, developed on the basis of traditional technologies, usually use computers as high-speed computing mechanisms and not as a powerful tool for computer modeling of various processes, including the process of studying the behavior of structures under various effects. The inefficiency of such systems is mainly determined by the need to input a considerable amount of input data from the keyboard, especially with their variations.
With a proper choice of the tool and effective use of the entire arsenal of unique opportunities provided to the developer by the medium of this tool, you can enter a new level of computerization of research activities.
It should be taken into account that the methodology for performing a calculation chosen for a specific task is determined both by the initial conditions of the task, and by the type of software and the capabilities of the computer equipment. For example, the latest versions of the table processor Excel [1, 2, 7] give an opportunity to enter a fundamentally new level of automation of volumetric systems of calculation of almost any direction and specialization. This allows us to organize a full-fledged process of investigating the reaction of the elements of the rod structures to the entire spectrum of possible impacts [4, 5, 6, 8] on the basis of a standard personal computer.
II. METHODS AND MATERIALS
When developing any specialized system of automation of calculations, the developers face the tasks of a general nature:
 organization of a "friendly" dialogue with the user when entering the source information;
 formation of source data sets;
 formation of the resolving matrix and the vector of the right-hand sides of systems  algebraic equations;
 system decision;
 development of the "quick response" algorithm for changing the values of the initial data and its implementation;
 formation of a block of calculation results, preferably with their visualization and automation of the procedure for estimating the accuracy of the results obtained.
The ultimate goal of this stage of research is the development of a universal technology of engineering calculations in a widespread MS Office Excel environment that allows creating automated systems for solving a wide range of engineering tasks, including the tasks of construction mechanics.
An algorithm for achieving the goal includes:
 automation of the process of input of initial data using visual control over the reliability of the input information;
 automation of the process of filling the elements of matrices (or vectors);  development of a rational technology for transforming matrices and performing the necessary matrix operations;  development of a rational technology for recording changes in the boundary conditions;  graphical interpretation of calculation results, which allows the user to monitor the behavior of the calculated structure in the course of dynamic changes in its geometric, physical and topological parameters, as well as parameters of external influences;  automation of comparative estimates of the accuracy of calculations for the proposed and classical methods.
III. RESULTS
This approach is well applicable in the study of stressstrain state of regular and biregular rod systems. These systems are widely used in engineering practice because of their characteristics such as the ability to cover large spans, the use of line production, unification and reduction of installation time, reducing the total cost of construction. At the same time, when calculating such constructions by exact methods due to a large number of nodes and elements, technical and mathematical difficulties arise. The proposed technique avoids some of them.
Earlier, in works [1, 2] the basic technique of spline approximations for the calculation of two-dimensional structures was developed, which makes it possible to implement at the program level an algorithm for constructing cubic splines with the aim of obtaining a discrete analogue of the basic differential equation of a one-dimensional bending element [2] . Description of the technology of designing the basic resolving matrix for calculating the pivot systems in a table processor environment of MS Excel [3, 9] will be expounded by the example of a single-span beam (i.e., a one-dimensional bending element, Fig. 2 ).
We put on the element's axis n uneven segments (in this case, n = 10) with length hi: h1=0. 1 We denote the external load as qi and the ratio of the preceding length of the segment to the next one as ki = hi / hi+1. The calculated values of these coefficients are included in the corresponding rows of the table (Fig. 3) . To form the basic resolving matrix, the cells of the table are filled with the values of the coefficients for unknown system equations formed on the basis of discrete analogs of the differential equation α ω ξξ = −θ, describing deformed (deflections) and the stressed (moment) state of the bent element [1] :
Advances in Engineering Research, volume 177
For support nodes with hinge and uniformly distributed load q, believig that: According to the generally accepted method of matrix formation, their elements -memory cells -are filled with the values of these coefficients as a result of the implementation of the program code of the corresponding standard programs [1, 4, 10] . And since the values of the coefficients change when any input parameter changes, then the variation of at least one parameter leads to the necessity of restarting in full the program code for forming matrices.
This significantly reduces the speed of execution of calculations. The solution to this problem is the creation of a special algorithm for the target change in the filled cells of the matrix, depending on the variable that is used to fill in the cells with the cell addresses, in which the current values of the variables are located.
Filling non-zero cells of the matrix with reference formulas is a long and painstaking task. So using the ability of spreadsheets to copy a cell with a link formula, automatically changing the addresses of cells included in the formula, causes the developer to be very responsible when constructing such formula. The Excel spreadsheet processor environment allows one to abandon the generally accepted technique of forming the resolving matrix. The universalization of such a technology that realizes discrete analogs in the form of (1) and (2) is that for each type of load and a specific boundary condition, a separate resolving matrix is created, resulting from the summation of the two matrices: -basic, or base matrix whose core is invariant for all other matrices and does not depend on boundary conditions, while the extreme columns and rows of this matrix are zero (Fig. 3)   Fig.3 . The core of the resolving matrix - Fig. 4 , the core of which is filled with zeros, and several cells of its extreme columns and rows are filled with such values that, as a result of summation of the given matrix with the base, yield the final matrix (Fig. 5) , taking into account specific boundary conditions. 
Next, the vector of the right-hand sides of the generalized equations (1), (2) is formed, i.e. the vector of external load q, which is shown on the right of the resolving matrix (Fig. 6) . Then the inverse of the resolving matrix is calculated (Fig. 7) . By analogy, the calculation apparatus is also formed for other boundary conditions. In Fig. 9 and 11 there are matrices for calculating unknowns for a beam with both pinched ends and for a cantilever beam, as well as moments for these beams (Fig. 10, 12) . Technology's versatility lies in the fact that for each variant of the initial data, a separate resolving matrix is created, that is, a result of a sum of two matrices. The first is the base matrix whose core is constant for all other matrices and is independent of the boundary conditions (the border columns and rows of this matrix are zero). And the second is an additional matrix, the core of which is filled with zeros, and the cells of the border columns and rows are filled with the values of the given boundary conditions. Examples of these matrices are given for different boundary conditions and the calculation results (diagrams of deflections and the bending moment curve).
Thus, the proposed approach to the creation of softwarealgorithmic computational complexes allows computer modeling of complex processes of behavior of a structure under various impacts on it.
Besides, the possibility of the user's independent modification of the data processing algorithm implemented in the considered method, taking into account the specificity of the particular problem being solved, makes it possible to simulate more accurately the conditions and parameters of the calculated structures, which significantly expands the practical application of the approach. Effective use of the entire arsenal of unique capabilities provided by modern table processors allows us to reach a new level of computerization of research activities.
